Kyanite and andalusite are newly found in migmatized pelitic granulites from the Kerala Khondalite Belt, Southern India. Anhedral tiny grains of kyanite included within altered cordierite were interpreted as possible remnants of prograde metamorphism of the granulites within the kyanite stability field. Andalusite shows two distinct modes of occurrence; some are of magmatic origin and others are formed as partial replacement products of alkali -feldspar and plagioclase mainly in leucosomes. Our data put new constraints not only on the P -T path followed by the granulites but also on the correlation between the Gondwana fragments. The Kerala Khondalite Belt is closely correlated with the Southwestern Group (southwestern part of the Highland Complex) in Sri Lanka.
INTRODUCTION
In a reconstruction of Gondwana, several studies have correlated the Kerala Khondalite belt (KKB, also known as the Trivandrum Block) of Southern India with the Highland Complex (HC) in Sri Lanka and the Lützow -Holm Complex (LHC) in East Antarctica (Fig. 1) , based on the similarities of lithological, petrological and geochronological features (e.g., Shiraishi et al., 1994 and references therein) . In these regions, high -grade metamorphic rocks and associated igneous rocks are widespread, among which sillimanite -rich pelitic granulites occur commonly. One of the characteristic features of the pelitic granulites of the HC and the LHC is the occurrence of kyanite as relict inclusions within garnet and plagioclase, which suggests the 'clockwise' prograde pressure -temperature (P -T) paths (Hiroi et al., 1991, 1994 and references therein) . In addition, retrograde andalusite occurs in the granulites that are cut extensively by the granite or pegmatite, and also in the granite and pegmatite (e.g., Hiroi et al., 1990) . However, neither kyanite nor andalusite has been reported in pelitic granulites of the KKB, although clockwise P -T paths are deduced by several authors (e.g., Tadokoro et al., 2008) .
We have found kyanite and andalusite in the migmatized pelitic granulites from the KKB for the first time, though Braun et al. (1998) reported briefly the occurrence of magmatic andalusite in pegmatite. Kyanite and andalusite occur only in a trace amount in the granulites, and therefore tend to be overlooked. The aims of this paper are: (1) to present the mode of occurrence of kyanite and andalusite in the pelitic granulites, (2) to discuss the P -T history of the KKB metamorphism, (3) to briefly compare and correlate our data with those of the HC and the LHC, and (4) to propose more specific correlation between the KKB and the Southwestern Group in Sri Lanka (southwestern part of the HC). Mineral abbreviations are after Kretz (1983) .
GEOLOGICAL SETTING OF THE KKB AND SAMPLE LOCALITIES
The KKB of Southern India is situated between the Achankovil Shear Zone to the north and Nagercoil charnockite massifs (or Nagercoil Block) to the south. It exposes large volumes of supracrustal rocks, including garnet -sillimanite -biotite gneiss (khondalite), garnet -biotite gneiss and charnockites along with lesser amounts of calc -silicate rocks, quartzites and mafic granulites. The garnet -sillimanite -biotite gneiss is extensively migmatized. The timing of granulite -facies metamorphism is constrained to ~ 530 Ma by U -Pb dating of monazite and zircon (Shabeer et al., 2005; Santosh et al., 2006) . The central area of the KKB, around Trivandrum, attained peak metamorphic conditions of ~ 850 -950 ºC and ~ 6 -10 kbar followed by near isothermal decompression (Tadokoro et al., 2008 and references therein) . The samples of the present study were collected from three active quarries (Azhikode, Kolliakode and Kulappara) nearby Trivandrum. Andalusite has been found in the rocks from all these localities, while kyanite has been found only in a rock from Kulappara ( Fig. 1 ).
PETROGRAPHY
The studied rocks are intensely folded stromatic migmatites, being composed of cm -to m -sized layers of garnetsillimanite -rich melanosomes and quartzo -feldspathic leucosomes. Leucosomes are generally parallel to the foliation of the melanosomes, but some are discordant. The boundary between leucosome and melanosome is usually distinct.
Melanosome
Melanosomes consist mainly of garnet, sillimanite, cordierite, biotite, quartz, alkali -feldspar and plagioclase with minor amounts of spinel, ilmenite, rutile, zircon, pyrrhotite, chalcopyrite, apatite, monazite and graphite. Kyanite and andalusite are additional minor minerals, which will be described later in detail. Garnet occurs as subhedral to anhedral porphyroblasts (up to 5 mm in diameter) and as tiny inclusions within cordierite, quartz and alkali -feldspar. It often includes other minerals such as biotite, sillimanite, quartz and greenish spinel. Garnet is commonly in direct contact with sillimanite and quartz, but it is partially replaced by cordierite with or without quartz (Fig.  2a) . Sillimanite is the most abundant and ubiquitous Al 2 SiO 5 mineral. It usually occurs as fibers and stout prisms in the matrix, being in contact with most of the constituent minerals (Fig. 2a) . It also occurs as inclusions within garnet and cordierite. Cordierite occurs as subhedral to anhedral porphyroblasts (up to 5 mm in diameter). It also occurs as grains replacing garnet, being often intergrown with quartz. Biotite occurs as laths or flakes in the matrix, forming the foliation with sillimanite. It is also found as inclusions within garnet. Biotite locally replaces garnet to various degrees, indicating that some biotite is of retrograde origin. Greenish brown subhedral to anhedral spinel occurs in the matrix and is occasionally in direct contact with quartz. Greenish spinel also forms symplectite with cordierite, replacing sillimanite and garnet.
Leucosome
Leucosomes are composed mainly of quartz, alkali -feldspar and plagioclase, with minor to trace amounts of cordierite, garnet, sillimanite and andalusite. Ilmenite, zircon, monazite, rutile, apatite, pyrrhotite and graphite are also present. Constituent minerals of leucosomes are usually more coarse -grained than those of melanosomes. Garnet is the most common mafic phase in leucosomes. It is sporadically distributed as subhedral to anhedral porphyroblasts (up to 2 cm in diameter), containing abundant inclusions of quartz. Cordierite is sometimes concentrated locally to form coarse patches (up to 5 mm in diameter). Sillimanite is occasionally found as tiny anhedral inclusions within alkali -feldspar. Alkali -feldspar is spindle perthite with a second generation of finer strings exsolved after the coarser spindle. It is locally replaced by secondary muscovite, albite, calcite and andalusite. Alkali -feldspar contains abundant inclusions of rounded to euhedral quartz and plagioclase. Plagioclase occurs as euhedral to anhedral grains and is sometimes included within alkali - Figure 1 . Correlation of metamorphic complexes in East Antarctica, Sri Lanka and Southern India (after Shiraishi et al., 1994) . The KKB, HC and LHC, the YBC and VC, the RC and WC are correlated respectively, based on the lithological, petrological and geochronological features (Shiraishi et al., 1994) . Regional distribution of kyanite and andalusite in sillimanite -rich pelitic granulites from the KKB (localities of the sample in this study), HC (Hiroi et al., 1990 and LHC (Hiroi et al., 1991) are also shown. The distribution of Al 2 SiO 5 minerals reinforces the correlation between the KKB, the HC and the LHC. Inset shows the Gondwana ensemble (after Shiraishi et al., 1994 feldspar. It occasionally contains euhedral to subhedral inclusions of alkali -feldspar and andalusite.
The mode of occurrence of kyanite and andalusite Kyanite has been found in a single specimen YH 08121702. Only two grains of kyanite were identified and confirmed by Raman Spectroscopy (at National Institute of Polar Research, JASCO NRS 1000). Raman spectrum of the kyanite (Fig. 3) is available online from http:// www.jstage.jst.go.jp/browse/jmps. They occur as subhedral to anhedral tiny inclusions (up to 100 μm) within altered cordierite, which forms symplectite with quartz to replace garnet (Fig. 2b) .
Andalusite is found as a minor phase mainly in leucosomes. It is often partly pleochroic (pink to red) and shows two distinct modes of occurrence. The first type of andalusite is medium -to coarse -grained (up to 1.5 mm), and commonly shows subhedral shapes. It is generally free of inclusions and is partly replaced by muscovite and Na -rich plagioclase (Figs. 2c and 2d ). This type of andalusite seems to be in textural equilibrium with coarsegrained quartz, alkali -feldspar and plagioclase, which show euhedral to subhedral shapes in leucosomes. The second type of andalusite occurs as subhedral to anhedral tiny grains (100-600 μm), partially replacing alkali -feldspar or plagioclase (Fig. 2b) . Such andalusite is usually accompanied by quartz, Na -rich plagioclase, calcite, magnesite and siderite.
DISCUSSION
The different modes of occurrence of Al 2 SiO 5 minerals in the pelitic granulites provide valuable information in constructing the metamorphic history of the KKB as the cases of the HC in Sri Lanka and the LHC in East Antarctica (Hiroi et al., 1991 . Here, we discuss the origin of Al 2 SiO 5 minerals and compare their modes of occurrence with those of the HC and LHC. 
Sillimanite
The widespread occurrences and textural features of sillimanite in the pelitic granulites from the KKB indicate that it is the most stable Al 2 SiO 5 phase at the thermal peak of metamorphism, as is the case in the pelitic granulites of the HC and LHC.
Kyanite
Kyanite in the pelitic granulites of the HC and LHC is present usually as inclusions within garnet and plagioclase, and it is much less abundant than sillimanite. Thus, it is considered to be a relict mineral formed during prograde metamorphism (e.g., Hiroi et al., 1991) . In contrast, the mode of occurrence of kyanite in the pelitic granulite of the KKB is different from those of the HC and the LHC in that it occurs as anhedral inclusions within altered cordierite, which forms symplectite with quartz to replace garnet. Although the origin of kyanite is obscure due to its rare occurrence, it is possible that the kyanite was captured as a relict mineral within garnet during prograde metamorphism, which survived the kyanite -sillimanite transition. Subsequent decompression reaction formed cordierite at the expense of garnet, whereas kyanite was retained as inclusions within cordierite. Such a mode of occurrence of kyanite is similar to that in the pelitic granulites in the southwestern part of the HC [traditionally called as the Southwestern Group(SG)], and suggests the possibility of its prograde origin. In the pelitic granulites of the SG, kyanite occurs as relict inclusions within garnet which is partially replaced by cordierite (Hiroi et al., 1990) . If the replacement of garnet by cordierite progresses, kyanite might be included within cordierite, as is the case of the KKB (Figs. 2a and 2b) . Thus, we safely assume that the kyanite in the KKB was a relict mineral included within garnet (precursor mineral of cordierite). It may follow a prograde P -T history in the kyanite stability field, which precedes the peak metamorphism in the sillimanite stability field (Fig. 4) . There is a possibility that the kyanite is also found within the garnet as relic, however, not only the rareness of that kind of kyanite but also the replacement reaction of garnet by cordierite prevents us to find the kyanite within the garnet. In addition, the possibility that kyanite formed as a retrograde mineral cannot be excluded, and further study of the mode of occurrence of kyanite is needed to evaluate these possibilities.
Andalusite
The first type of andalusite occurs mainly in leucosomes. Andalusite found in peraluminous felsic igneous rocks can be considered as phenocrysts, restites or xenocrysts (Kawakami, 2002) . Here, we can safely preclude the restitic and xenocrystic origin, because almost no andalusite has been found in melanosomes and other lithologies nearby. It is coarser -grained (up to 1.5 mm) than that of the second type (see below) and generally free of inclusions. The primary texture of the andalusite is obscure due to retrograde replacement by muscovite and clay mineral. However, when it is well preserved, they show euhedral to subhedral shape (Figs. 2c and 2d ). In addition, it seems to be in textural equilibrium with surrounding quartz, alkali -feldspar and plagioclase, which are coarser -grained than those of the melanosomes and often show euhedral to subhedral shapes. Such a mineral might have formed by crystallization of anatectic melt. Thus, we interpret that the andalusite is also magmatic. The occurrence of magmatic andalusite suggests that there is a P -T field where andalusite could precipitate from a peraluminous granitic magma, although the most widely accepted Al 2 SiO 5 phase diagram of Holdaway (1971) does not show an overlap between suprasolidus region of the haplogranite and the andalusite stability field (Fig. 4) . The magmatic andalusite may exist when the haplogranite solidus is depressed by additional components such as Al 2 O 3 in the melt. It is known that the addition of Al 2 O 3 in the haplogranite system to saturate in Al 2 SiO 5 minerals lower the solidus up to Figure 4 . P -T path followed by KKB granulites provided that kyanite is a relic formed during prograde metamorphism.
(1) and (2) Estimated peak metamorphic conditions of the pelitic and mafic granulites of the central KKB, respectively (Tadokoro et al., 2008) . (3) The water -saturated haplogranite solidus is taken from Johannes and Holtz (1996) . Addition of Al 2 O 3 in the haplogranite system depresses the solidus up to 30 degrees (dashed line, see the text). (4) The Al 2 SiO 5 phase diagram after Holdaway (1971) . (5) Andalusite -sillimanite transition line of Pattison (1992) . (6) The stability field for magmatic andalusite.
30 degrees (Fig. 4) (Johannes and Holtz, 1996 and references therein). In addition, if we adopt other Al 2 SiO 5 phase diagrams derived on the basis of natural paragenesis in metapelite (e.g., Pattison, 1992) , it shows wider range of stability field for magmatic andalusite (Fig. 4 ) (Clarke et al., 2005) . The second type of andalusite is fine -grained (100 -600 μm) and shows subhedral to anhedral shapes, replacing alkali -feldspar or plagioclase locally. Such andalusite is usually accompanied by quartz, Na -rich plagioclase, calcite, magnesite and siderite. The local andalusite + siderite ± quartz assemblages are reported in pelitic granulites from the HC (especially those of the SG) in Sri Lanka (Ellis and Hiroi, 1997) . Mineral chemistry data and full discussions on the P -T conditions of the formation of andalusite of this type will be presented elsewhere.
Correlations between the KKB, HC and LHC Our finding of kyanite and andalusite in the pelitic granulites of the KKB reinforces the correlation between the KKB, the HC and the LHC. Peak metamorphic conditions of the HC and the LHC have been considered to be around 750 -900 ºC and 7 -10 kbar (we refer to these conditions as ordinary granulite -facies) (Schumacher and Faulhaber, 1994; Hiroi et al., 1991 and references therein) , which is correlatable to those of the KKB (see above). Recently, some ultrahigh -temperature conditions (>1000 ºC) indicated by the sapphirine + quartz association (which occurs usually as inclusion within garnet) was reported from the HC and the LHC, although the occurrence of the rocks is restricted to small outcrops as blocks, lenses and disrupted layers surrounded by garnet -orthopyroxene and garnetcordierite gneisses of ordinary granulite -facies (e.g., Osanai et al., 2006; Yoshimura et al., 2008) . Hence, its origin and the relationship with the ordinary granulite -facies rocks during metamorphism are to be revealed. Thus, we interpret here the ordinary granulite -facies conditions as the peak metamorphic conditions of the HC and the LHC, which are correlatable to that of the KKB.
In addition, the mode of occurrence of kyanite and andalusite described above is similar to those of the SG in Sri Lanka. Thus, we propose more specific correlation between the KKB and the SG. Before comparing these complexes, the geology of Sri Lanka will be examined briefly.
The basement rocks of Sri Lanka have traditionally been divided into three geological units: the Highland Series (HS), the Southwestern Group (SG) and the Eastern and Western Vijayan Complexes based on the lithology and structure (Cooray, 1994 and references therein). However, Kröner et al. (1991) renamed these units with different boundaries as the Highland Complex, the Vijayan Complex and the Wanni Complex (Fig. 1) essentially based on the Nd model age mapping by Milisenda et al. (1988) . The HC includes part of the former HS and SG. Here, we use the traditional division because it is useful in describing the regional differences in lithology and petrological characteristics within the HC.
The SG differs lithologically from the HS in that cordierite -rich pelitic granulites associated with charnockites and wollastonite -bearing calc -silicate rocks are widespread in the SG (Hapuarachchi, 1968) , which are also common in the KKB. Instead, the HS and the LHC are characterized by the widespread occurrence of dolomitic marble associated with quartzite and garnet -sillimanite gneiss in which cordierite is rare. However, relict kyanite and retrograde andalusite are present in pelitic granulites of both the SG and the HS (Fig. 1) . Hiroi et al. (1994) suggested that the apparent petrographical difference between the pelitic granulites of the SG and the HS have resulted from the different P -T path: pelitic granulites of the SG have experienced prolonged high -temperature decompression to form cordierite much more commonly, while those of the HS began to cool at highpressures after the similar prograde histories. The pelitic granulites of the KKB and the SG, in which cordierite occurs commonly, are considered to have experienced similar exhumation history.
In addition to the lithological similarities between the KKB and the SG above, petrographical features concerning Al 2 SiO 5 minerals in the SG are also important: (1) kyanite, which is included within garnet replaced by cordierite partially, is often observed; (2) andalusite occurs much more commonly in the cordierite -rich pelitic granulites (Hiroi et al., 1990) . These features suggest that the KKB is closely correlated with the SG.
CONCLUSIONS
1) Kyanite and andalusite are newly found in sillimaniterich pelitic granulites from the KKB. 2) The possibility for a clockwise prograde P -T path from the kyanite stability field is deduced by the assumption that the kyanite was originally a relict mineral included within garnet. 3) Our finding of kyanite and andalusite in the pelitic granulites and the estimated prograde P -T histories above reinforce the correlation between the KKB, the HC and the LHC. 4) The KKB is strongly correlated with the SG (southwestern part of the HC) in Sri Lanka.
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